A descriptive-correlational study was conducted in a four county metropolitan area in the southeast United States (U.S.) to determine attitudes and knowledge about biosolids recycling. Eight biosolids land application site options (farmlands, grazing lands, public parks, highway medians, home gardens, lawns, forest lands, and use as mulch after composting) were assessed by each of the 303 participants. Data were evaluated with respect to population demographics (gender, age, education level, and household income). Results indicated that participants responded favorably to all options presented, except those 65 years of age and older. This cohort felt significantly less favorable towards five of the options than did other age groups. No significant difference was found between females and males concerning biosolids recycling nor was education statistically associated with attitudes. General knowledge about biosolids recycling was poor. Those with lower incomes, less education, and advanced age had significantly less knowledge of biosolids than younger, more educated, higher income individuals.
INTRODUCTION
As an inevitable by-product of wastewater treatment, about 7 million dry metric tons of biosolids are created per year and the amount is expected to increase to 8.2 million tons by 2010 (U.S. EPA, 1999) . The wastewater treatment industry faces the challenge of managing such massive quantitative of biosolids. Land application to enhance soil quality has become the primary method to manage biosolids. A variety of sites such as agricultural lands, forests, mine reclamation sites and other drastically disturbed lands, public parks, highway median, and golf courses have been utilized to date. Landscapers, nurseries, and homeowners frequently use composted and treated biosolids for lawns and home gardens. Agricultural land application of biosolids has occurred in many countries and 67% of recycled biosolids are applied to farmland in United States. The application of biosolids to forestland, which currently accounts for a relatively small percentage of biosolids use, can help shorten pulpwood and lumber production cycles by accelerating tree growth. At reclamation sites, biosolids help revegetate barren land and control soil erosion; relatively large amounts of biosolids are used to achieve these goals. Composted and heat-dried or palletized biosolids are often sold or given away in bags or bulk quantities for use on public lands, lawns, and in home gardens. The use of biosolids in manufactured soils is a growing market that can aid in erosion control, especially during roadway construction (U.S. EPA, 1999) .
A number of communities in the U.S. have reported successful implementation of biosolids land application programs. For example, Drawer County, Colorado, has land applied 36,875 wet tons of biosolids to croplands since 1992, and the demand for biosolids in this area is expanding. In Sacramento County, 125,000 wet tons of biosolids have been recycled and most were landapplied. In Columbus, Ohio 6.5 dry tons/day of biosolids were land-applied by surface injection to cropland. For many years, Chicago's biosolids were spread on former coal strip mines in Fulton County, IL, and about 2,000 acres of damaged land have been returned to agricultural use.
Although past research has indicated that the human risks affiliated with land application of biosolids are negligible, public resistance to the beneficial use of biosolids persists. The public's attitudes toward biosolids treatment and reuse can affect whether a facility is built, where it is sited, and how it is operated. Sometimes public attitudes present a significant deterrent for increasing beneficial use. Understanding public attitudes can allow waste managers to determine if certain application options would be accepted and prevents putting the public into conflict with the beneficial reuse program. Also, understanding how much the public knows about biosolids recycling will be helpful in finding effective approaches toward education or outreach programs. Therefore, assessment of public attitudes and knowledge regarding biosolids application will assist policymakers, regulators, and biosolids managers in developing and implementing systems that are acceptable to the public. This pilot study attempted to quantify public attitudes and knowledge concerning specific biosolids land application options via a survey of the general population.
METHODOLOGY
A survey instrument was developed and administered (via telephone) to 303 residents in a four county region in the southeastern U.S. The margin of error for this sample size was ± 5.6 percentage points at a statistical confidence level of 95%. An introductory statement, which included information on who was chosen for the study and why the study was being conducted, was initially read to capture the respondents' interest. General information on biosolids (including a brief definition) was then presented so that respondents could better understand subsequent inquiries posed. The questions/statements were in a closed response format and were arranged under the following three categories: knowledge of the current issue, attitude toward the use of biosolids, and sociodemographic information.
The knowledge based questions provided respondents with the option to choose whether statements made were true or false. Additionally, participants were permitted to respond with "don't know" to obtain a more valid assessment of respondent knowledge regarding the facts in question. The attitude questions/statements provided participants with response options using the Likert scale. Each question or statement was followed by the choice of five possible responses: 1=strongly disagree; 2=disagree; 3=don't know; 4=agree; 5=strongly agree. Overall, survey questions/statements were designed to follow a systematic, pre determined, progression beginning with less controversial items and ending with more controversial ones.
Random Digit Dialing (RDD) techniques were used to generate the sample population. The sampling procedure was conducted by the Social Science Research Institute of The University of Tennessee using the GENESYS sampling system. The system is made up of several databases and sample generation algorithms, and supported RDD telephone sampling for any geographic area down to the census tract level. In-depth reports providing detailed information regarding GENSYS sampling systems are available upon request from the Marketing Systems Group (www.msg.com).
RESULTS AND DISCUSSION
Demographic information for the 303 respondents has been summarized in Table 1 . An overall comparison of the sample profile with the general population of the sample region (based on 2000 U.S. census data) indicated no large bias in any demographic category.
Overall attitudinal responses to biosolids recycling
The survey instrument included eight common biosolids application options. A 5-point Likert scale was used to evaluate public attitudes concerning biosolids. The mean of each application represented the overall attitude of the survey population. A mean > 3.0 was defined as positive while a mean < 3.0 was defined as negative. Results of the study population's attitudes toward the various biosolids recycling options are presented in Figure 1 . Results indicated that respondents hold positive attitudes toward all biosolids recycling options; however, acceptance varied with application. For example, acceptance of biosolids application to home gardens was just above neutral (attitudes mean = 3.18); while acceptance of biosolids application onto forestland (attitude mean = 4.24) and highway medians (attitude mean = 4.23) was very strong. The variation seemed to be associated with potential personal contact concerns: the higher the possible contact the lower the acceptance.
Attitudes toward biosolids recycling by gender
The statistical analysis did not detect a significant difference between male and female responses towards biosolids recycling. Figure 2 shows that male and female attitudes were similar for six of the eight options. Female attitudes were less favorable for two applications (animal pasture/grazing land and agriculture cropland), although the differences were not statistically significant.
Attitudes toward biosolids application by age
Multivariate analysis indicated significant differences in attitudes by age. Significant attitudinal differences were noted between the 65 and over age group and other groups regarding five biosolids applications: as soil fertilizer on agricultural land, as soil fertilizer on animal grazing 
Male
Female land, to public parks as mulch, as mulch after composting with leaves and brush, and to home gardens as mulch. No significant differences were noted in attitudes on the application of biosolids to highway medians, lawns, and forestland. However, the 65 or over age group also appeared to be less supportive for these three applications (Figure 3) . Additionally, the 18-34 age group tended to be more supportive of biosolids recycling. Thus, the overall attitudinal tendency of the population could be described as supportive but decreased with age. Other researchers also found that older people tended to be less positive to land application of biosolids (Lindsay et al., 2000) . In addition, Oakes et al (1997) found that age has a consistent and significant association with environmental attitudes. 
Attitudes toward biosolids recycling by education and income
Multivariate analysis indicated no significant differences between attitudinal response and educational levels nor attitudinal response and income levels.
Knowledge
Knowledge concerning biosolids was, in general, poor. Most people (82%) did not know that over 30 percent of biosolids generated in the U.S. are recycled. Forty-four percent incorrectly thought that biosolids and sewage sludge are the same thing and 51% incorrectly believed that biosolids application resulted in land contamination under U.S.EPA guidelines. Multiple analysis of variance found a significant difference in the correct response for the "land contamination based on EPA guidelines" question between the ≥65 year old group and all other age groups (Table 2 ). In addition, those with a high school education or less were significantly less likely than the other educational cohorts to answer this question correctly. For the "biosolids recycled in the USA" question, those with high school education or less were significantly less likely to answer the question correctly. In general, results indicate that lower education levels and increased age correlate with less knowledge about biosolids. 
CONCLUSIONS
This survey indicated that support of biosolids recycling was relatively strong. Respondent attitudes varied for different applications according to the likelihood of contact; lower contact options received more support. Age was significantly associated with attitudes toward biosolids recycling; support decreased with increasing age. However, the influence of age on attitudes was not significant for all age ranges. The 65 or over age group was significantly less supportive than others age groups and should be targeted for inclusion in the development of community-based biosolids programs. Associations between attitude and income or gender were not evident in this survey.
